Introduction {#Sec1}
============

Since the early 2000s, two impactful parallel transitions have taken place in the daily lives of adolescents across Europe and North America. First, substance (tobacco, alcohol, cannabis) use decreased substantially (De Looze et al. [@CR11]; Hublet et al. [@CR18]). To illustrate, data from the international Health Behaviour in School-aged Children (HBSC) study showed that the percentage of 15 year olds in Europe and North America who smoke weekly decreased from 24% in 2002 to 12% in 2014. Weekly alcohol use decreased from 29% to 13%, and lifetime cannabis use among 15 year olds decreased from 22% to 15% (Currie et al. [@CR8]; Inchley et al. [@CR19]). The decline in substance use took place across virtually all countries and regions included in the study. At the same time, the so-called digital revolution took place. The proportion of households with children that had home access to Internet increased substantially (Eurostat [@CR14]), and rates of mobile and smart phone usage among teenagers expended enormously (Haddon et al. [@CR16]). With the rise of social networking sites and instant messenger functions, electronic media communication (EMC) became an integral part of adolescents' daily lives (Boniel-Nissim et al. [@CR3]).

Some researchers suggested that the increase in EMC in the early twenty-first century can partly explain the decline in adolescent substance use (e.g. Livingston [@CR26]; Twenge [@CR38]). Specifically, they propose that EMC reduces the time adolescents spend face-to-face (FTF) with peers. The idea that EMC partly replaces adolescents' FTF time with peers has been referred to as the *displacement* hypothesis (e.g. Kraut et al. [@CR21]; Mesch [@CR29]; Nie [@CR31]). As substance use typically takes place in contexts where young people socialize in person, for example, in bars and pubs at night, the displacement hypothesis poses that an increase in EMC not only leads to a decrease in FTF, but also to a decrease in substance use. While the displacement hypothesis predicts that increases over time in EMC are associated with decreases over time in FTF and substance use, the *stimulation* hypothesis (Valkenburg and Peter [@CR39]) suggests the opposite. It proposes that adolescents who are active users of EMC, spend *more* face-to-face time with their friends, because Internet-based communication technologies encourage communication with existing friends (e.g. Bryant et al. [@CR6]; Kuntsche et al. [@CR25]; Valkenburg and Peter [@CR39], [@CR40], [@CR41]). Adolescents may, for example, use EMC to communicate with peers about where and when to meet and what to do offline (Kuntsche et al. [@CR25]; Subrahmanyam and Greenfield [@CR36]). As a consequence, EMC may be associated with *more* rather than less substance use.

In sum, both the displacement and stimulation hypothesis pose that electronic media communication may affect adolescents' substance use through its influence on their time spent with friends. However, the displacement hypothesis assumes a negative effect from online communication to time spent with existing friends, whereas the stimulation hypothesis predicts a positive relationship between these variables. While early research in the field of social media use appears to confirm the displacement hypothesis (Kraut et al. [@CR21]; Nie [@CR31]; Nie et al. [@CR32]; Weiser [@CR42]), more recent research provides support for the stimulation hypothesis (Gommans et al. [@CR15]; Kraut et al. [@CR22]; Valkenburg and Peter [@CR39], [@CR40], [@CR41]).

A potential explanation for these inconsistent findings is that the association between EMC, FTF and substance use depends on the context (i.e. time and country) in which studies are conducted. Possibilities for communicating electronically vary considerably across countries and time. To illustrate, in Denmark in 2010, 98% of the children aged 9--16 had Internet access at home and 75% had profiles on social networking sites. In Romania, these percentages were considerably lower (85% and 46%; Haddon et al. [@CR16]). Moreover, the percentage of European youth who had access to the Internet increased significantly over time, from 67% to 96% between 2007 and 2016 (Eurostat [@CR14]). Based on the assumption that EMC more likely functions as a stimulator of social connections in contexts where the majority of young people uses EMC, we pose that EMC relates positively to FTF in contexts where EMC is highly available to young people (i.e. in countries and time periods with high rates of EMC use). If many friends are online, young people may be more likely to use EMC to communicate with existing friends. In contrast, in contexts where a considerable part of young people is not online (yet), EMC may function more as a displacement of FTF. As such, we hypothesized that in the early 2000s and in countries where EMC is less available, EMC was associated with low FTF and consequently, low substance use. In contrast, in more recent years and in countries where large proportions of youth use EMC, we expected EMC to be positively associated with FTF and, consequently, with substance use.

The present study {#Sec2}
-----------------

This study analyses trends over time in adolescent substance use, FTF and EMC and assesses whether and how these behaviours are associated across Europe, Canada and Israel in the period 2002--2014. Using data from the international Health Behaviour in School-aged Children (HBSC) study, we aimed to answer the following research questions:Are country-level trends over time in substance use associated with country-level trends over time in FTF and EMC?Have associations between substance use and EMC changed across time?Do associations between substance use and EMC differ across countries?

The first two research questions were analysed based on data from 2002, 2006 and 2010. Due to the introduction of new measures for EMC and FTF in 2014, the 2014 data could not be included in the trend analyses and were analysed separately. In line with recent research (Gommans et al. [@CR15]; Kraut et al. [@CR22]; Valkenburg and Peter [@CR39], [@CR40], [@CR41]), we overall expected to find support for the stimulation hypothesis, stating that EMC relates positively to FTF and substance use. However, we predicted that these associations varied across time and country, with more positive associations in more recent years and in countries with large proportions of youth using EMC.

Method {#Sec3}
======

Study design {#Sec4}
------------

Data were obtained from the WHO collaborative HBSC study conducted in 2002--2014. HBSC is an international survey on adolescent (11-, 13-, and 15 year olds) health and the context of health, conducted every 4 years since 1983 across European and North American countries (Inchley et al. [@CR19]). Sampling procedure and questionnaire are based on a standardized research protocol (Currie et al. [@CR10]). Each participating country obtained approval to conduct the survey from their ethics review board or equivalent regulatory institution. Data were collected through a school-based survey, using an anonymous self-completion questionnaire. Under supervision of the national research teams, a translation/back-translation procedure was applied to guarantee language equivalence of the questionnaires. Representative samples on each national or regional level were selected using a clustered sampling design where the initial sampling unit was either the class or the school.

Participants {#Sec5}
------------

Thirty HBSC countries collected data on EMC, FTF and substance use in 2002, 2006, and 2010. Separate studies were carried out in different parts of Belgium (Flanders and Wallonia), and the UK (England, Scotland and Wales). The data for these countries were analysed at the national level. Danish data were based on mainland Denmark (data from Greenland were excluded from the analyses). In total, the analyses for tobacco and alcohol use were based on *N* = 445,827 adolescents (51% girls, *M*~age~ = 13.5 years old) across 26 countries. As cannabis use was assessed in 25 countries and only among 15 year olds, analyses on cannabis use were based on *N* = 137,398.

In 2014, 42 HBSC countries participated in the HBSC study. Slovakia and Lithuania did not have (reliable) data on EMC; Spain and Ireland lacked data on FTF. These countries were removed from the analysis. This resulted in a sample of *N*=191,727 adolescents in 34 countries. The mean age of adolescents was 13.5 years old (ranging from 13.1 in Armenia to 13.8 in Canada). 51% were girls (ranging from 44% in Russia to 53% in Austria and Denmark). As cannabis use was only measured among 15 year olds and two countries (Norway and Greece) did not assess cannabis use, this resulted in *N* = 56,159 in 32 countries for the analyses on cannabis use.

Measures {#Sec6}
--------

*Substance use* Across all waves, substance use was assessed as follows. *Weekly alcohol use.* Students were asked how often they drank beer, wine, and liquor/spirits. For each type, response options were "1 = never", "2 = rarely", "3 = every month", "4 = every week", "5 = every day". This variable was dichotomized by combining options 1 to 3 (indicating less than weekly alcohol use, coded as 0) and 4 to 5 (to reflect at least weekly drinking, coded as 1). *Weekly smoking.* Smoking status was defined based on the question "How often do you smoke tobacco at present?" Original answer categories (never, less than weekly, weekly but not daily, daily) were recoded into *weekly smoking* (1) and *less than weekly smoking* (0). *Lifetime cannabis use.* Students reported the frequency of cannabis use in their lifetime on a scale from 1 to 7, with 1 = never and 7 = 40 times or more. Answers were recoded into 0 = *never* and 1 = *at least once*.

*Electronic media communication (EMC)* In 2002, 2006 and 2010, electronic media communication was measured by the item "How often do you talk to your friend(s) on the phone or send them text messages or have contact through the internet?" Response options were "never or rarely", "1 or 2 days a week", "3 or 4 days a week", "5 or 6 days a week", and "every day". Answers were recoded into 0 = less than daily and 1 = daily. In 2014, electronic media communication was measured by means of three items: How often do you a) contact your friends using texting/SMS?; b) actively contact your friends using instant messaging (e.g. BBM, Facebook chat)?; c) contact your friends using other social media, such as Facebook (posting on wall, not chat), My Space, Twitter, apps (e.g. Instagram), games (e.g. Xbox), YouTube? Answer categories were "hardly ever or never", "less than weekly", "weekly", "daily". Answers were recoded into 0 = less than daily and 1 = daily.

*Face*-*to*-*face (FTF) contact with peers in the evening* was measured by the item "How many evenings per week do you usually spend out with your friends after 8 PM?" in 2002, 2006 and 2010. The response options ranged from zero to seven evenings a week. Answers were recoded into 0 = less than daily and 1 = daily. In 2014, the question was changed into "How often do you meet your friends outside school time after 8 PM?" Answer categories were hardly ever or never, less than weekly, weekly, and daily. As prevalence rates in the first categories were relatively low, we combined them into the category "less than once a week".

*Confounders* In our analyses, we controlled for age, gender and family affluence. Family affluence was measured by the ridit-based relative HBSC Family Affluence Scale (Torsheim et al. [@CR37]).

Statistical analyses {#Sec7}
--------------------

Analyses were performed on two distinct datasets, as EMC was assessed differently in 2014, compared to the other years (2002, 2006, 2010). Using the trend data (2002--2006--2010), we assessed descriptive statistics of trends over time in adolescent EMC, FTF, and substance use (Table [1](#Tab1){ref-type="table"}). Correlations were calculated between two (absolute) difference scores (2002--2006 and 2002--2010) of EMC, FTF and adolescent substance use across countries. Next, hierarchical multilevel analyses (with the second-level variable being country) were performed to test the association of daily EMC with three indicators of substance use (tobacco, alcohol and cannabis; Table [2](#Tab2){ref-type="table"}). Analyses were controlled for age (tobacco and alcohol), gender, and family affluence (tobacco). In Model 1, survey year was added to the model, followed by daily EMC (Model 2), daily FTF (Model 3), and the interaction of survey year × EMC (Model 4).Table 1Adolescent face-to-face contact with peers in the evening, electronic media communication and substance use in 26 countries, 2002--2010 (%)RegionCountryDaily face-to-face contact with peers in the eveningDaily electronic media communicationWeekly alcohol useWeekly tobacco useLifetime cannabis use2002Change 02--102002Change 02--102002Change 02--102002Change 02--102002Change 02--10Western EuropeAustria5.1+ 0.823.5+ 23.19.8+ 2.012.0+ 0.113.7− 0.1Belgium8.3− 2.025.1+ 18.712.8− 4.79.9− 3.225.4− 4.9France8.0− 1.211.8+ 26.77.3− 1.111.3− 2.730.0− 3.2Germany12.9− 3.426.8+ 6.012.7− 6.415.5− 9.423.9− 12.9Netherlands15.8− 9.519.5+ 11.513.3− 6.510.1− 3.325.9− 5.4Switzerland7.1− 2.327.2+ 9.010.4− 1.811.0− 3.344.7− 15.4Northern EuropeDenmark12.5− 4.034.6+ 21.817.1− 8.87.5− 1.923.4− 8.3Estonia25.2− 6.823.8+ 17.89.6− 3.712.3− 3.017.2+ 4.6Latvia20.4+ 2.818.8+ 25.67.9− 0.912.0+ 0.211.8+ 13.5Lithuania17.3− 1.813.8+ 48.210.0− 2.812.4− 0.37.9+ 13.4Finland33.4− 2.830.8+ 13.05.1− 1.513.6− 5.410.3− 0.9Sweden14.2− 1.826.9+ 26.46.8− 4.46.6− 1.16.8--UK33.7− 10.233.7+ 15.922.3− 12.210.8− 4.837.6− 17.4Eastern EuropeCzech Rep.16.4− 2.623.5+ 16.819.2+ 0.814.2− 1.830.5+ 0.0Estonia25.2− 6.823.8+ 17.89.6− 3.712.3− 3.017.2+ 4.6Poland13.3+ 1.619.5+ 28.37.4− 1.411.2− 3.718.1+ 0.7Russia35.6− 1.846.4+ 5.314.3− 8.312.3− 2.713.6− 5.2Ukraine28.0+ 2.124.9+ 19.418.7− 2.616.7− 7.623.4− 12.4Macedonia13.9+ 4.336.2+ 9.76.8+ 0.65.7− 0.23.1− 0.3Southern EuropeCroatia13.2+ 2.942.7+ 5.513.3+ 3.49.7+ 2.716.2− 2.8Greece9.0+ 0.238.2+ 7.216.1− 2.06.2+ 0.25.2+ 1.8Italy10.7− 1.734.7+ 14.223.0− 10.910.0− 0.821.4− 1.8Portugal5.0− 2.425.9+ 29.28.0− 4.211.3− 6.119.8− 8.5Slovenia12.1− 2.033.6+ 8.210.8+ 0.410.3− 2.728.4− 5.2Non-EuropeanCanada24.1− 3.440.5+ 7.010.6− 4.96.8− 1.344.3− 10.4Israel20.2− 8.442.3+ 11.215.3− 1.97.9− 1.45.9− 0.5--, No data availableTable 2Results of multilevel logistic regression analyses predicting adolescent substance use in 26 countries, 2002--2010, odds ratiosWeekly alcohol useWeekly tobacco useLifetime cannabis use^a^Model 1Model 2Model 3Model 4Model 1Model 2Model 3Model 4Model 1Model 2Model 3Model 4Survey year 2002Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref. 20060.76\*\* \[0.75--0.78\]0.71\*\* \[0.70--0.73\]0.72\*\* \[0.70--0.74\]0.74\*\* \[0.72--0.76\]0.67\*\* \[0.65--0.69\]0.68\*\* \[0.66--0.70\]0.81\*\* \[0.78--0.83\]0.75\*\* \[0.72--0.77\]0.76\*\* \[0.74--0.79\] 20100.58\*\* \[0.57--0.60\]0.52\*\* \[0.51--0.54\]0.54\*\* \[0.53--0.56\]0.71\*\* \[0.70--0.73\]0.63\*\* \[0.61--0.64\]0.66\*\* \[0.64--0.68\]0.75\*\* \[0.72--0.78\]0.66\*\* \[0.64--0.69\]0.70\*\* \[0.67--0.72\] Daily electronic media communication1.92\*\* \[1.88--1.96\]1.71\*\* \[1.67--1.75\]2.04\*\* \[1.99--2.08\]1.69\*\* \[1.64--1.73\]1.81\*\* \[1.75--1.86\]1.59\*\* \[1.54--1.64\] Daily face-to-face contact with peers in the evening2.34\*\* \[2.28--2.40\]3.90\*\* \[3.80--4.00\]2.80\*\* \[2.70--2.89\]Survey year × daily electronic media communication 2002Ref.Ref.Ref. 20060.88\*\* \[0.83--0.92\]0.98 \[0.93--1.04\]0.89\* \[0.83--0.96\] 20100.93\* \[0.88--0.98\]1.05 \[0.99--1.11\]1.01 \[0.94--1.09\]Analyses are controlled for age (tobacco, alcohol), gender (all substances), and family affluence (all substances)\*\**p* \< 0.001; \**p* \< 0.01^a^The analysis on cannabis use was based on 25 countries, as Swedish trend data on cannabis use were not available

We also provide descriptive statistics of adolescent EMC, FTF, and substance use, by country, in 2014 (Table [3](#Tab3){ref-type="table"}). Also here, hierarchical multilevel logistic regression models (with the second-level variable being country) were applied (Table [4](#Tab4){ref-type="table"}). Analyses were controlled for age (tobacco and alcohol), gender, and family affluence (tobacco). In Model 1, daily EMC was added to the model, followed by FTF (Model 2), and the country-level mean prevalence of daily EMC (Model 3). Lastly, we added a cross-level interaction between daily EMC and the aggregated (average) EMC use per country (Model 4). Here, we divided countries into tertiles based on the percentage of youth that engaged in EMC at a daily basis. All analyses were performed using Stata SE 12.1 (College Station, Texas, USA).Table 3Adolescent face-to-face contact with peers in the evening, electronic media communication and substance use in 34 countries in 2014, %RegionCountryDaily face-to-face contact with peers in the eveningDaily electronic media communicationWeekly alcohol useWeekly tobacco useLifetime cannabis useWestern EuropeAustria5.283.58.76.69.5Belgium3.764.46.65.017.7France5.076.66.67.828.2Germany4.464.66.56.216.7Luxembourg12.464.87.18.018.0Netherlands5.363.55.94.415.9Switzerland2.988.14.44.523.7Northern EuropeDenmark5.263.46.24.115.7Estonia4.858.04.55.424.3Latvia6.250.93.65.820.5Finland7.982.74.85.89.6Norway11.953.61.51.8--Sweden5.363.92.72.95.8UK8.768.56.03.617.9Eastern EuropeAlbania15.851.311.62.85.5Armenia14.550.710.21.81.5Bulgaria33.772.116.311.522.7Czech Rep.3.638.79.66.323.1Hungary13.157.011.67.912.9Macedonia22.070.87.24.13.2Rep. of Moldova8.527.612.43.65.7Poland6.954.56.48.023.6Romania17.541.013.79.67.5Russia14.264.26.08.68.6Ukraine11.348.313.75.77.2Southern EuropeCroatia12.564.914.19.515.2Greece14.054.211.65.7--Italy7.680.413.48.622.0Malta4.853.111.14.413.3Portugal2.233.64.44.211.7Slovenia2.947.48.65.121.1Non-EuropeanCanada11.259.45.73.325.5Israel9.263.913.26.76.5--, No data availableTable 4Results of multilevel logistic regression analyses predicting adolescent substance use in 34 countries in 2014, odds ratiosWeekly alcohol useWeekly tobacco useLifetime cannabis use^a^Model 1Model 2Model 3Model 4Model 1Model 2Model 3Model 4Model 1Model 2Model 3Model 4Daily electronic media communication1.70\*\* \[1.47--1.96\]1.34\*\* \[1.15--1.57\]1.34\*\* \[1.15--1.57\]1.89\*\* \[1.59--2.24\]1.33\* \[1.10--1.62\]1.33\* \[1.10--1.62\]1.83\*\* \[1.61--2.07\]1.33\*\* \[1.15--1.54\]1.32\*\* \[1.14--1.53\]Face-to-face contact with peers in the evening Rarely or \< once a weekRef.Ref.Ref.Ref.Ref.Ref. Weekly2.17\*\* \[2.07--2.28\]2.17\*\* \[2.07--2.28\]2.59\*\* \[2.45--2.74\]2.59\*\* \[2.45--2.74\]2.54\*\* \[2.40--2.69\]2.54\*\* \[2.40--2.69\] Daily3.35\*\* \[3.17--3.54\]3.35\*\* \[3.17--3.54\]5.37\*\* \[5.02--5.73\]5.36\*\* \[5.02--5.73\]4.25\*\* \[3.94--4.59\]4.25\*\* \[3.94--4.59\]Country-level % of youth engaged in daily electronic media communication LowRef.Ref.Ref. Medium0.98 \[0.58--1.66\]1.34 \[0.87--2.05\]1.50 \[0.91--2.47\] High1.10 \[0.65--1.86\]1.58† \[1.02--2.45\]1.59 \[0.97--2.59\]Daily electronic media communication × country-level % of youth engaged in daily electronic media communication LowRef.Ref.Ref. Medium1.27 \[0.88--1.83\]1.10 \[0.69--1.73\]1.05 \[0.74--1.50\] High1.26 \[0.87--1.83\]1.30 \[0.82--2.07\]1.03 \[0.73--1.46\]Analyses are controlled for age (tobacco, alcohol), gender (all substances), and family affluence (tobacco)\*\**p* \< 0.001; \**p* \< 0.01; ^†^*p* \< 0.05^a^The analysis on cannabis use was based on 32 countries, as Norwegian and Greek data on cannabis use were not available in 2014

Results {#Sec8}
=======

Can the increase in EMC explain the decline in substance use between 2002 and 2010? {#Sec9}
-----------------------------------------------------------------------------------

Descriptive statistics of adolescent EMC, FTF and substance use in the period 2002--2010 are presented in Table [1](#Tab1){ref-type="table"}. Substance use decreased in virtually all countries and regions between 2002 and 2010. Some Eastern European countries (Croatia, Estonia, Latvia, Lithuania) show increasing trends for at least one substance of at least 1%. FTF declined in most countries, except for Croatia, Latvia, Poland, Ukraine and Macedonia. EMC increased considerably in all countries, with increases ranging from 5.3% (Russia) to 48.2% (Lithuania). Figure 1 in the Online appendix provides a graphical presentation of the trends per country.

When correlating the change in EMC with the change in adolescent substance use across countries across time, we did not find significant associations (see supplementary table for an overview of all correlation coefficients). While the association was significant for cannabis use between 2002 and 2010 (*r* = 0.47, *p* = 0.02), we repeated the analysis leaving out Latvia and Lithuania, as they show remarkably deviant trends regarding cannabis use (i.e. a strong increase, while 18 out of 25 countries showed a decrease). This resulted in a non-significant finding (*r* = 0.12, *p* = .60). Thus, even though EMC increased and substance use decreased in many countries between 2002 and 2010, the trends over time appear to be distinct and unrelated.

We also correlated country-level changes in FTF with country-level changes in substance use and EMC. Trends in EMC were not related to trends in FTF. However, positive links were found between changes in FTF and changes in substance use, especially between 2002 and 2006 (smoking: *r* = .41, *p* = 0.04; alcohol: *r* = .63, *p* = 0.0005; cannabis: *r* = .42, *p* = 0.04). Between 2002 and 2010, the trends were only associated for alcohol use (*r* = .58, *p* = 0.002).

EMC, FTF and substance use: different associations across time (2002--2006--2010)? {#Sec10}
----------------------------------------------------------------------------------

Multilevel logistic regression models indicated that substance use overall declined between 2002 and 2006 and even more so between 2002 and 2010 (Table [2](#Tab2){ref-type="table"}). Adolescents engaging in daily EMC and daily FTF were more likely to report substance use. Interestingly, adding EMC to the trend analysis strengthened rather than weakened the time trends in substance use. It can thus be concluded that *in spite of* (rather than because of) the increase in EMC, substance use decreased between 2002 and 2010. Adding FTF to the model slightly weakened the trends in adolescent substance use and substantially reduced the association between EMC and substance use. Finally, the interaction between time and EMC was not significant for smoking, but it was significant for alcohol and cannabis use. A post hoc plot showed that the positive associations between EMC and substance use were stronger in 2006 (alcohol and cannabis) and 2010 (alcohol), as compared to 2002.

EMC, FTF and substance use in 2014: different associations across countries? {#Sec11}
----------------------------------------------------------------------------

Descriptive statistics of EMC, FTF, and substance use in 2014 are presented in Table [3](#Tab3){ref-type="table"}. EMC and FTF differed considerably across countries, with EMC ranging from 27.6% in the Republic of Moldova to 88.1% in Switzerland and FTF ranging from 2.2% (Portugal) to 33.7% (Bulgaria). Weekly alcohol use ranged from 1.9% (Iceland) to 16.3% (Bulgaria). Weekly tobacco use ranged from 1.5% (Iceland) to 11.5% (Bulgaria) and lifetime cannabis use among 15 year olds ranged from 1.5% (Armenia) to 28.2% (Belgium).

Hierarchical multilevel logistic regression models were applied to test the association of EMC with substance use across countries while controlling for age, gender, and family affluence (Table [4](#Tab4){ref-type="table"}). Overall, EMC was positively associated with the three types of substance use (Model 1, Table [4](#Tab4){ref-type="table"}). FTF was also positively associated with all three substances (Model 2, Table [4](#Tab4){ref-type="table"}). Adding FTF to the model reduced the strength of the associations between EMC and substance use, but all associations remained significant. Thus, FTF partly explained the positive association between EMC and substance use.

The next step was to examine if the association between EMC and substance use differed across countries, and if so, if this cross-national variation could be explained by the popularity of EMC among youth in a given country. We first examined whether there was sufficient variability between countries to justify a random slope for EMC. The difference in log likelihood between a model with a random and a fixed slope was significant (*p*s \< 0.01), indicating that associations between EMC and substance use differed across countries. To test whether the cross-national variation in these associations could be explained by the country-level popularity of EMC among youth, we added the country-level mean prevalence of daily EMC and its interaction with individual EMC as predictors to the model (Model 3 and 4, respectively). The interactions between individual daily EMC and the average country-level EMC were not significant, indicating that the cross-national variability in the association between EMC and substance use cannot be explained by the country-level popularity of EMC among adolescents.

To gain more insight into the cross-national differences in the association between EMC and substance use, we examined these associations in each country separately (not in a table). In the majority of countries, associations were positive, but in a few countries, there was a negative association between EMC and alcohol use (Russian Federation, Israel, Iceland) and tobacco use (Israel).

Supplementary analyses {#Sec12}
----------------------

As age and gender relate strongly to adolescent substance use and EMC, we examined whether the associations found in this study differed across age groups and between boys and girls. Interaction terms (gender × EMC; age × EMC) were added to Model 1 of Table [4](#Tab4){ref-type="table"}. The association of EMC with smoking was stronger for girls than for boys (OR = 1.26, *p* \< 0.001), but no gender differences were found in the associations with alcohol and cannabis. For both smoking and alcohol, associations with EMC were stronger for older adolescents (ORs up to 1.76, *p*s \< 0.001). For cannabis, no interaction with age was performed as it was only measured among 15 year olds.

Discussion {#Sec13}
==========

This study provides no support for the hypothesis that recent declines in adolescent substance use, reported in the majority of western countries, can be explained by increasing EMC among adolescents during the same period. First, on a national level, declines in substance use over time were *not* associated with increases in EMC, while they were associated with declines in FTF. Second, across countries and time, adolescents who reported daily EMC spent *more* time with friends in the evenings and were *more* likely to use substances, than adolescents who did not report daily EMC. Although positive associations between EMC and substance use were found in the vast majority of countries, the associations varied between countries. This cross-national variation could not be explained by the country-level use of EMC among youth. Finally, for alcohol and cannabis use, the positive association with EMC varied in strength across time, with stronger associations in more recent survey years.

Overall, our findings provide support for the stimulation rather than the displacement hypothesis, suggesting that EMC overall functions as a social connector for adolescents. It seems to intensify already existing friendships, rather than replace face-to-face peer interactions. As adolescents often engage in substance use in the presence of peers (Branstetter et al. [@CR5]; Chassin et al. [@CR7]), adolescents who tend to use EMC are may be more likely to report substance use.

In line with our hypotheses, the positive links between EMC and substance use were stronger in more recent years, although this was primarily the case for alcohol (2006 and 2010) and cannabis use (2006), as compared to 2002. The idea behind this hypothesis was that increased use of EMC enhances the function of EMC as a social connector which, in turn, affects the association with substance use. There are several reasons why these results were particularly revealed for alcohol use. First, we have reason to believe that alcohol use is typically consumed for social reasons by young people (Kuntsche et al. [@CR24]), making associations between EMC and alcohol use more likely in contexts in which EMC serves more as a social connector. Second, the increased popularity of EMC over time has led to an increase in online advertisements, especially for alcohol (Anderson et al. [@CR1]; Nicholls [@CR30]; Pennay et al. [@CR34]), leading to an increased association of EMC to alcohol use. Third, many adolescents use EMC to display engagement in substance use, and the most frequently displayed substance is alcohol (e.g. texting about or posting pictures of partying and drinking; Loss et al. [@CR27]). The more prevalent EMC became, the more adolescents may have been exposed to such displays, which may have strengthened the association between EMC and alcohol use.

In contrast to our hypotheses, the link between EMC and substance use did not vary with the prevalence of EMC in a particular country. Potentially, social norms regarding substance use in different countries have a larger effect on this link than the prevalence of EMC. For example, the association between EMC and substance use may depend on the extent to which substance use is part of popular youth culture. In countries with relatively low prevalence rates of substance use (such as Iceland), the association with EMC may be different as substance use is not integrated in popular youth culture, while EMC is. Moreover, the extent to which parents supervise the EMC of their children, or the extent to which it is culturally accepted that adolescents spend (unsupervised) time together at night with friends, may differ across countries. Such factors are also likely to affect links between EMC, FTF, and substance use.

Although we predominantly found positive associations between EMC and substance use across countries and time, our study does not rule out that EMC is related to *less* FTF and *less* substance use for specific groups of adolescents. For example, socially anxious and lonely adolescents seem to prefer EMC over FTF communication (Pierce [@CR35]) and more strongly value the opportunity to communicate anonymously online (Valkenburg and Peter [@CR40], [@CR41]). This suggests that for socially anxious and lonely adolescents, EMC does not necessarily lead to new friendships, more FTF or more substance use. Future research is needed to gain more insight into these individual differences in the potential effects of EMC on adolescent substance use.

Our findings suggest that, rather than an increase in EMC, a decrease in FTF may have played a role in the declining trends in adolescent substance use between 2002 and 2010. Among others, the decrease in FTF in the evening might be the consequence of increasingly strict parental rule-setting and monitoring, which has been reported in some European countries (e.g. De Looze et al. [@CR12]) and in the USA (Twenge [@CR38]). If parents are less likely to allow their children to go out at night, they restrict their children's exposure to contexts in which substances are typically used. Potentially, the rise of the Internet technology in a broader sense has enabled parents to monitor their children more easily, for instance because it has become more common for children to have their own cell phone. The increase in substance use prevention programs across countries (Kuntsche and Ravens-Sieberer [@CR23]) and stricter rules regarding the use and purchase of substance use across Europe (e.g. ban of smoking in public areas, ban of selling tobacco and alcohol to minors) may also have encouraged parents to become stricter regarding their child's exposure to contexts that could lead to substance use. An alternative explanation for the decline in FTF in the evenings may be that youth are becoming more involved in structured and constructive activities during the day. While evidence from the USA does not seem to support this hypothesis (Twenge [@CR38]), European trend data on leisure time use are scarce.

Strengths and limitations {#Sec14}
-------------------------

A major strength of this study lies in the use of large and nationally representative samples of adolescents in a sizeable number of countries which are heterogeneous in terms of, for example, their sociocultural and policy backgrounds. Moreover, our study compromises a time span of 12 years, which provided us with the unique opportunity to correlate national-level changes in EMC, FTF and substance use over time. The inclusion of data from different countries and different moments in time increases the external validity of our study. However, this study should be interpreted with knowledge of its limitations. First, due to the repeated cross-sectional design, no causal inferences can be made. Adolescents who are at risk of substance use may also be at risk of higher levels of EMC (Osaki et al. [@CR33]), or adolescents who use substances use may be more drawn to EMC because their substance use enhances their social connectedness and standing among peers (Killeya-Jones et al. [@CR20]). Second, although we included an important set of social and individual factors in our models and showed that they contributed to substance use independently, a more elaborate model of substance use should also include biological, genetic and personality factors, as well as their interactions. Such a model provides opportunities for examining whether EMC use is differently associated with substance use for specific groups of adolescents (e.g. excessive users; active versus passive users; socially anxious adolescents; (e.g. Blinka et al. [@CR2]; Boniel-Nissim et al. [@CR4]). Third, while adolescents are fairly accurate in their self-reported substance use (e.g. Harrison et al. [@CR17]), the self-reported nature of all measures in this study may have led to biased estimates.

Conclusion {#Sec15}
==========

Not the increase in EMC, but rather the decrease in FTF may have played a role in the decline in adolescent substance use in the early twenty-first century. This study suggests that adolescents who engage in daily EMC interact with friends relatively often, online as well as offline, and are more likely to engage in substance use. We call for future studies to replicate our findings and examine links between EMC, FTF and substance use in a longitudinal design.
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